Rapid Communications
Q fever outbreak among travelers to Germany associated with live cell therapy -United States and Canada, 2014: a co-publication †
Introduction
During September-November 2014, the New York State Department of Health (NYSDOH) was notified of five New York state residents who had tested seropositive for Coxiella burnetii, the causative agent of Q fever. All five patients had symptoms compatible with Q fever (e.g., fever, fatigue, chills, and headache) and a history of travel to Germany to receive a medical treatment called "live cell therapy" (sometimes called "fresh cell therapy") in May 2014. Live cell therapy is the practice of injecting processed cells from organs or fetuses of nonhuman animals (e.g., sheep) into human recipients (1) . It is advertised to treat a variety of health conditions. This practice is unavailable in the United States; however, persons can travel to foreign locations to receive injections. Local health departments interviewed the patients, and NYSDOH notified CDC and posted a report on CDC's Epidemic Information Exchange to solicit additional cases. Clinical and exposure information for each patient was reported to the Robert Koch Institute in Germany, which forwarded the information to local health authorities. A Canada resident who also received live cell therapy in May 2014 was diagnosed with Q fever in July 2014. Clinicians should be aware of health risks, such as Q fever and other zoonotic diseases, among patients with a history of receiving treatment with live cell therapy products.
The five New York patients had traveled in a group of 10-15 persons to the state of Rhineland-Palatinate in Germany to receive intramuscular injections of fetal sheep cells from a German physician on May 30, 2014 . A Canada resident, who received intramuscular injections of fetal sheep cells from the same German physician on May 28, 2014 , sought medical care in June 2014 for fever, pain, and erythema at the site of the injection. She received a diagnosis of Q fever in July 2014, and public health authorities were notified. Under International Health Regulations, the Public Health Agency of Canada notified German authorities in September 2014. At the time of notification, the ministry of health of the federal state of Rhineland-Palatinate was investigating an outbreak of human Q fever associated with inhalation exposure to a sheep flock that was used for production of fetal sheep cell injections by the German physician.
In September, the German physician notified patients treated during January-July 2014 of their potential Q fever exposure. This prompted Q fever testing of the five patients in New York, three of whom had already sought medical care for symptoms. The other two patients had experienced symptoms but had not sought medical care until notification of their potential Q fever exposure. The test results, with positive Q fever titers, were reported to NYSDOH and prompted investigation by local health departments. No additional U.S. or Canada residents with positive Q fever titers and history of intramuscular injections of fetal sheep cells in Germany have been identified. The identities and nationalities of the other persons in the travel group are unknown to U.S. and Canadian public health authorities. It is not known whether the other persons did not get tested for Q fever, tested negative, or did not report an exposure to fetal sheep cell injections.
An outbreak-associated case of Q fever was defined as an illness consisting of clinical signs and symptoms compatible with Q fever, and a single IgG titer ≥1:128 to C. burnetii phase II antigen by immunofluorescence assay in a person who received live cell therapy in Germany during May 2014 (2) . Among the six identified cases, the median patient age was 62 years (range = 59-83 years). Four of the six patients were female. None of the patients reported other potential exposures to Q fever, with the exception of one patient who reported contact with sheep horn or bone. Three patients reported preexisting medical conditions: one patient with atrial fibrillation and kidney stones, one patient with Parkinson disease and osteoarthritis, and one patient with multiple sclerosis.
Signs and symptoms of Q fever began within approximately 1 week of receipt of the intramuscular injections of fetal sheep cells. The majority of symptoms were reported as lasting approximately 10-90 days; however, 9-10 months after exposure, three patients continued to report symptoms of fatigue, chills, sweats, and difficulty sleeping (Table) . One patient had initially reported no symptoms during an interview with the local health department after his positive titers were reported in November 2014; however, in February 2015, he informed his physician that symptoms had been occurring since the injections in May.
The patients were tested for Q fever phase I and phase II antibodies at 2-6 months after exposure, using indirect immunofluorescence assay. C. burnetii undergoes antigenic phase variation, between a virulent phase I form and an avirulent phase II form. During acute infection, phase II antibodies appear first and are higher than phase I antibodies. All patients' phase I IgG titers were elevated (1:512-1:2,048), but were lower than phase II IgG titers (1:4,096-1:65,536), suggesting acute disease. Phase I IgM titers were elevated in four patients (1:128-1:8,192 ) and phase II IgM titers were elevated in all patients (1:64-1:32,768). All patients were treated with doxycycline after receiving a diagnosis of Q fever.
All six patients were initially interviewed by their local health departments; only two of the five New York patients agreed to a follow-up interview by NYSDOH. The two patients reported that a group had traveled to Germany for injections twice each year for the past 5 years. They chose to receive injections of fetal sheep cells to improve their general health and vitality, and had not previously experienced signs or symptoms of illness after injections. They reported that they were not informed of a risk for Q fever infection before injection. 
Discussion
The treatment known as live cell therapy was developed in Switzerland during the 1930s by Paul Niehans. Practitioners have used organs, glands, and fetuses of multiple species, including sheep, cows, and sharks.* (1) .
No published clinical evidence supporting therapeutic claims of the treatment known as live cell therapy is available. It is advertised as having anti-aging effects and as a treatment for multiple conditions and diseases (e.g., erectile dysfunction, depression, and joint, neurologic, heart, kidney, lung, endocrine, and liver disease).
† Serious adverse events have been reported, including anaphylaxis, vasculitis, encephalitis, polyradiculitis, clostridial infections, paresis, and death (3-5).
The treatment known as live cell therapy is a type of xenotransplantation when it involves administration of live cells from a nonhuman animal source into a human recipient (6) . Xenotransplantation carries a public health risk for transmission of known and unknown infectious agents from the donor organism to the human recipient and possible recombination or reassortment to form new pathogens (6) . There is a theoretic potential for dissemination of disease from the original recipient to others. For this reason, discussions on safety requirements for xenotransplantation by international and domestic public health agencies continue to occur (7 This outbreak highlights one of the public health issues associated with xenotourism, the travel outside a country of residence for the purpose of participating in xenotransplantation programs. FDA recommends that xenotransplantation product recipients enrolled in research studies remain under lifelong surveillance with periodic clinical and laboratory monitoring and that both they and their intimate contacts refrain from blood and tissue donation (6). However, other than self-reporting, no method to identify returned xenotourists is available. Clinicians should be aware of xenotourism and consider the potential for zoonotic disease in a patient with a history of xenotransplantation. 
National Advisory Committee Statement

Methods
Annual influenza vaccine recommendations are developed by the Influenza Working Group (IWG) for consideration by NACI, based on NACI's evidence-based process for developing recommendations (3). This process includes: a consideration of the burden of influenza illness and the target populations for vaccination; data on efficacy and effectiveness, immunogenicity, and safety, of influenza vaccines; vaccine schedules; and other aspects of influenza immunization.
Recommendations
NACI continues to recommend influenza vaccination for all individuals aged 6 months and older, with particular focus on people at high risk of influenza-related complications or hospitalization, people capable of transmitting influenza to those at high risk, and others as indicated ( Table 1 ). In particular, following a recent publication by the Canadian Immunization Monitoring Program ACTive (IMPACT) (4), NACI now includes children and adolescents with neurologic or neurodevelopment conditions (including seizure disorders, febrile seizures and isolated developmental delay) as a chronic health condition, and therefore among the groups for whom influenza vaccination is particularly recommended. Healthy individuals 5 to 64 years of age also benefit from influenza vaccination, as do travellers aged 6 months and older, since in the tropics influenza occurs year round; in temperate zones, influenza occurs from November to March in the northern hemisphere and April to October in the southern hemisphere. • All children 6 to 59 months of age.
• Healthy pregnant women (the risk of influenza-related hospitalization increases with length of gestation, i.e., it is higher in the third than in the second trimester).
• Aboriginal Peoples.
People capable of transmitting influenza to those at high risk
• Health care and other care providers in facilities and community settings who, through their activities, are capable of transmitting influenza to those at high risk of influenza complications.
• Household contacts (adults and children) of individuals at high risk of influenza-related complications (whether or not the individual at high risk has been immunized): o household contacts of individuals at high risk, as listed in the section above o household contacts of infants <6 months of age as these infants are at high risk of complications from influenza but cannot receive influenza vaccine o members of a household expecting a newborn during the influenza season • Those providing regular child care to children ≤59 months of age, whether in or out of the home.
• Those who provide services within closed or relatively closed settings to persons at high risk (e.g., crew on a ship).
Others
• People who provide essential community services.
• People in direct contact during culling operations with poultry infected with avian influenza.
1 New recommendations are noted in italic.
Children 6 to less than 24 months
For children 6 to 23 months of age NACI recommends that, given the burden of influenza B disease, quadrivalent inactivated influenza vaccine (QIV) should be used. If QIV is not available, either unadjuvanted or adjuvanted trivalent inactivated influenza vaccine (TIV) should be used. A new adjuvanted, trivalent influenza vaccine, Fluad Pediatric™ (Novartis), will be available on the Canadian market, starting in the 2015−2016 influenza season, for use in children aged 6 to <24 months and is administered as a 0.25 mL dose by intramuscular injection.
Children and adolescents 2 to 17 years NACI recommends live attenuated influenza vaccine (LAIV) use for healthy children and adolescents 2 to 17 years of age who do not have contraindications to this vaccine. Only the quadrivalent formulation of LAIV (FluMist® Quadrivalent [AstraZeneca]) will be available in Canada in the 2015−2016 season. The 2015−2016 Statement has been updated to reflect that the evidence supporting the use of live attenuated influenza vaccines was based on the trivalent formulation of LAIV. Based on expert opinion, the comparative efficacy data which supported the preferential recommendations for the trivalent formulation of LAIV are also applicable to the quadrivalent formulation of LAIV because the manufacturing processes and immunologic mechanism of the quadrivalent LAIV and the trivalent LAIV products are the same. This expert opinion is supported by the results of the non-inferiority studies comparing trivalent and quadrivalent formulations of LAIV, which were required by regulatory bodies to authorize the use of the quadrivalent LAIV formulation. Comparative vaccine efficacy and effectiveness data of TIV or QIV, and the quadrivalent formulation of LAIV are not available.
Decreased effectiveness of quadrivalent LAIV was seen in the United States against the influenza A (H1N1) strain during the 2013−2014 influenza season. Thermal stability tests have shown that the reduced stability likely resulted in strain degradation when experiencing deviations in temperature during storage or transport. Undocumented temperature deviations are unlikely to occur in Canada as, by contract, the manufacturer is required to maintain the required temperatures throughout transport to provincial and territorial depots.
Based on a review of available evidence, NACI continues to recommend preferential use of LAIV in children 2 to 17 years of age who do not have contraindications to this vaccine. NACI will continue to monitor this issue. Table 2 summarizes the choice of influenza vaccine for selected age and risk groups. Table 3 identifies the recommended dosage and route of influenza vaccine for the 2015−2016 season, by age. 
All age groups
Given the burden of influenza B disease, QIV should be used. If QIV is not available, either unadjuvanted or adjuvanted TIV should be used.
Children 2 to 17 years of age
• TIV • QIV • LAIV NACI recommends LAIV for healthy children and adolescents 2 to 17 years of age who do not have contraindications to this vaccine. LAIV is contraindicated for: children less than 24 months of age, due to increased risk of wheezing; individuals with severe asthma 2 ; children and adolescents <18 years of age who are receiving aspirin or aspirin-containing therapy; pregnant women; and persons with immune compromising conditions, due to underlying disease, therapy, or both. LAIV, TIV or QIV can be used in children with chronic health conditions, including asthma that is not severe 2 and cystic fibrosis without immune suppression. Adults 18 to 59 years of age
Any of these three vaccines may be used, unless contraindicated, for healthy adults in this age group. TIV and QIV are the preferred products for adults with chronic health conditions. LAIV is not recommended for adults with immune compromising conditions. Adults 60 to 64 years of age
Either of these vaccines can be used, unless contraindicated, for adults in this age group.
Adults ≥65 years of age
Any of these three vaccines may be used, unless contraindicated, for healthy adults in this age group.
Pregnant women
• TIV • QIV LAIV is not recommended because of the theoretical risk to the fetus from administering a live virus vaccine. 
Additional information
The target groups for influenza and pneumococcal polysaccharide vaccines overlap considerably. Health care providers should take the opportunity to vaccinate eligible persons against pneumococcal disease when influenza vaccine is given.
A Canadian study conducted during the 2012−2013 season followed a cohort of children and adolescents 2 to 18 years of age with cystic fibrosis, following administration of trivalent LAIV, to evaluate the safety of LAIV in this population (5) . The vaccine was found to be well tolerated, and provided reassurance that LAIV is safe for use in this population. Children with cystic fibrosis may receive LAIV if the individual is not being treated with immunosuppressive drugs, such as prolonged systemic corticosteroids, and meets the other criteria for LAIV administration.
The definition for oculo-respiratory syndrome (ORS) has been updated. ORS is defined as the presence of bilateral red eyes plus one or more respiratory symptoms (cough, wheeze, chest tightness, difficulty breathing, difficulty swallowing, hoarseness or sore throat) that start within 24 hours of vaccination, with or without facial oedema. Few cases have been identified since the 2000−2001 influenza season. ORS is not considered to be an allergic response and, when it occurs, it should be reported as an adverse event following immunization (AEFI) to local public health officials.
Although, as a general rule, two live vaccines are given four weeks apart, there is no evidence that this interval is needed for live intranasal influenza vaccines and other live vaccines. Based on expert opinion, NACI recommends that LAIV can be given together with, or at any time before or after, the administration of any other live attenuated or inactivated vaccine.
Two recommendations from previous statements merit repetition. Immunization should not be delayed because of minor acute illness, with or without fever. If significant nasal congestion is present that might impede delivery of LAIV to the nasopharyngeal mucosa, inactivated vaccines can be administered or LAIV may be deferred until resolution of the illness. Egg allergic individuals may be vaccinated against influenza using inactivated TIV or QIV, without prior influenza vaccine skin testing, and with the full dose, irrespective of a past severe reaction to egg, and without any particular consideration including immunization setting. As with all vaccine administration, however, immunizers should have the necessary equipment and be prepared to respond to a vaccine emergency at all times.
Finally, for the 2015−2016 influenza season, Intanza® will no longer be available on the Canadian market.
Conclusion
Recommendations for influenza vaccination are updated annually as this field is in rapid development. Vaccination remains the safest, longest lasting and most effective way to prevent influenza.
Introduction
Poliomyelitis is a highly infectious viral disease that can cause swift and irreversible paralysis, particularly in children. Since the introduction of polio vaccines in the 1950s, and the Global Polio Eradication Initiative in 1988, a strategy was developed to eliminate and to eventually eradicate poliovirus infection from the world, through the use of intensive and persistent immunization programs in every country. This vaccination strategy has been highly successful. The World Health Organization (WHO) has stated that, as a result of immunization, there are 10 million people walking today who would otherwise have been paralyzed (1) . There have been recent setbacks, however, and in May 2014 the WHO declared the international spread of wild poliovius to be a "Public Health Emergency of International Concern" (2) . As recently as September 2015, new cases of polio have been reported in Mali and the Ukraine (3).
The objective of this article is to: summarize the current situation; identify the recent challenges to the elimination strategy; identify new vaccine recommendations from the WHO; and highlight the importance of acute flaccid paralysis (AFP) surveillance around the world, including here in Canada.
Polioviruses and the different vaccines
Poliovirus has three major strains or serotypes (PV1, PV2 and PV3) and is a member of the C group of enteroviruses in the picornavirus family, a diverse group of positive-stranded RNA viruses, which include many other non-polio enteroviruses (4). It is spread from person to person largely through the fecal-oral route. Approximately 90% of cases are asymptomatic, 10% have mild infection (fever, malaise, headache, nausea and vomiting), and less than 1% of cases develop an acute onset of flaccid paralysis that usually involve the lower limbs. When it involves respiratory muscles, it can be life-threatening (5).
There are two types of vaccine: oral polio vaccine (OPV) and injectable polio vaccine (IPV). Oral polio vaccine initially contained attenuated versions of all three strains, but PV2 will soon be omitted, due to the eradication of wild PV2. The injectable (inactivated) polio vaccine has drawbacks, including that it is more expensive, more difficult logistically to administer, and is less effective than the Sabin OPV. This is why OPV is still used in much of the world. The concern about OPV, however, is that its use can cause the circulation of vaccine-derived (specifically OPV-derived) polioviruses in populations. These vaccine-derived polioviruses often circulate asymptomatically in populations where oral polio vaccines are still used, and water sanitation is not optimal. These circulating OPV-derived polioviruses invariably revert, though mutation, to a form with increased neurovirulence. Infection by these viruses poses an increased risk of poliomyelitis, especially in persons that are immunocompromised or who have other underlying illnesses.
The resurgence of polio is not a high-profile issue in Canada, where IPV vaccine is used with recommended doses at 2, 4, 6 and 12 to 18 months of age, with a booster at 4 to 6 years of age. This is, however, a global problem and, in light of this, a single lifetime booster dose is now recommended for those at increased risk of exposure to polio (e.g., those travelling to, or planning to work in areas that have wild polio or vaccinederived polio outbreaks) (6).
Polio is re-emerging
A series of setbacks have occurred in the battle to rid the world of polio, resulting in polio spreading back into areas where it had been previously eliminated. To date, each time this has occurred, the outbreak has been contained through enhanced vaccination, but the battle is not yet over.
The outbreak in Tajikistan in 2010 (7) illustrates the complexity of eradicating the disease. Laboratory genetic analysis identified the causative agent as poliovirus 1 strain. The virus originated in India, and subsequently spread into the neighbouring countries of Kazakhstan, Russia, Turkmenistan and Uzbekistan. This large outbreak of poliomyelitis resulted in 463 laboratory-confirmed cases and 47 polio-compatible cases, and highlights the need for continued polio vaccination, polio campaigns and ongoing surveillance for polio, even in areas where vaccination rates are still high.
Despite these outbreaks due to imported viruses, the number of regions where wild polioviruses are endemic have steadily diminished. In 2012, there were only 223 polio cases identified worldwide, the fewest that have ever been recorded (8) , and in 2013 polio was found to be endemic in only three countries-Afghanistan, Nigeria and Pakistan. By early 2014, polio was declared to have been eliminated from Southeast Asia, and in Africa was on the verge of elimination. It was apparent that the risk of outbreaks of paralytic disease arose from circulating vaccine-derived viruses from OPV-and had to be tackled.
In 2014, outbreaks began to occur in regions where polio had formerly been eliminated, including Cameroon, Equatorial Guinea, Ethiopia, Iraq, Israel, Somalia, and Syria (2).
In the Middle East, the outbreaks were caused by a poliovirus 1 strain that had spread from Pakistan. The WHO declared the international spread of wild poliovirus a Public Health Emergency of International Concern after documentation of numerous poliovirus exportations from polio-endemic countries (Pakistan, Afghanistan and Nigeria) to polio-free countries. Enhanced vaccination campaigns and travel requirements were introduced to control the spread of infection in these affected areas. See Table 1 for a summary of the current global polio situation (2). Children with poliovirus infections are still being diagnosed in Canada
Since 2005, there have been five importations of vaccine-strain poliovirus into Canada that were confirmed by the National Microbiology Laboratory (NML) of the Public Health Agency of Canada (Appendix). Four of these were incidental infections, in that the children were sampled for virological testing due to a nonparalytic illness and poliovirus was cultured from patient specimens. These individuals became infected with vaccine strains during travel to regions where oral vaccines were still in use, either by directly receiving the vaccine, or possibly becoming infected through environmental contamination. One case of vaccineassociated paralytic poliomyelitis was identified which was associated with a child that travelled to China on a vacation and received OPV while there, and presented with flaccid paralysis soon afterwards.
The endgame strategy
To address the setbacks with polio, the WHO developed the Polio Eradication & Endgame Strategic Plan 2013−2018 that contains four main objectives: detect and interrupt all poliovirus transmission; strengthen immunization systems and withdraw oral polio vaccine; contain poliovirus and certify interruption of transmission; and plan polio's legacy (1). We will focus on the vaccine recommendations and the need for detection of all poliovirus transmission.
Phasing out oral vaccine
In early 2014, the WHO recommended all countries use at least one dose of IPV (8) . The reasoning for this is to prevent outbreaks of circulating OPV-derived polioviruses, which can result in cases of OPV-related poliomyelitis. Although IPV gives good humoral immunity and protection from poliomyelitis disease, it gives much less intestinal immunity. Thus, about 90% of children vaccinated with IPV are still prone to shedding the virus after being given OPV. Thus, the use of IPV alone would probably not be enough to eradicate circulating OPV-derived viruses. It has been shown that giving children a dose of IPV first, followed by booster of OPV, greatly reduced the shedding of OPV-derived virus in stool: the results were much better than giving a dose of OPV first and a second booster of OPV (9) .
The WHO also recommended that OPV vaccine no longer include PV2 (10). This was based on data that showed wild polio PV2 is probably extinct (11) and wild PV3 has not been detected since 2012 (12) . Removal of PV3 from OPV may follow the discontinuation of the PV2 component.
Acute flaccid paralysis (AFP) surveillance
Surveillance for poliovirus relies on two things: the detection, reporting and stool testing of AFP in children or paralysis in any person who is suspected of being infected with poliomyelitis; and a laboratory that can positively identify poliovirus and distinguish wild polio from vaccine-derived disease. Nationwide AFP surveillance is the WHO gold standard for detecting cases of poliomyelitis (13) .
As a member of the Global Poliovirus Laboratory Network, the NML is responsible for the virological testing of stool specimens from cases with a clinical suspicion of poliomyelitis. The WHO stipulates that stool samples from at least 80% of AFP cases in children less than 15 years of age should undergo virological stool testing for poliovirus. Unfortunately, over the last decade or so, only about 30% of these cases have undergone laboratory testing, and very few of these tests were carried out by an accredited laboratory. This is the weak link in our current surveillance system.
To have a strong AFP surveillance system in Canada it is important to report cases of AFP in children under 15 years and submit stool specimens to the NML which is the only WHO-accredited laboratory for poliovirus testing in Canada. Details on how to submit specimens for testing at the NML are included below. This is important to do even when another plausible cause for the illness is found. For the diagnosis of poliovirus infection, virus culture from stool (in a special cell line that is highly sensitive to poliovirus) is still the most sensitive standard recommended by the WHO to identify polio. In addition, molecular testing, including reverse-transcription polymerase chain reaction testing to detect the viral genome, and genetic sequencing, is carried out to type and identify the origin of any polioviruses that are detected.
What clinicians need to know
Acute flaccid paralysis (AFP) is defined as the acute onset of focal weakness or paralysis characterised as flaccid (reduced tone) without other obvious cause (e.g., trauma) in children less than 15 years old (14) . AFP is nationally notifiable. Any attending physician who diagnoses AFP in children less than 15 years should report cases to the Canadian Pediatric Surveillance Program (CPSP) and to local public health in provinces and territories where AFP is notifiable by law (15) . The CPSP has recently updated its AFP protocol and questionnaire (14) . It is a best practice to arrange a 60-day follow up.
At least one stool sample needs to be collected within 14 days of the onset of paralysis and if more than one specimen is taken they should be 24-48 hours apart. No special medium is required; stool can be collected in any sterile leak-proof container. There should be at least 1 g and ideally 5 g to 10 g of stool for each sample. A cold chain is needed; samples need to be stored frozen at ≤-20°C and then shipped frozen on dry ice by those who are known to be compliant with Transportation of Dangerous Goods Regulations. An easier alternative (that does not require special transportation) is to send the stool sample surrounded by an ice pack that has been kept overnight in a -80°C freezer.
Stool samples are typically sent through the provincial public health laboratory, but samples can also be shipped directly to the NML using an NML shipping account; NML will cover the charges. To arrange this, contact the corresponding author by e-mail or telephone (204-789-6067). A requisition can be downloaded. It is most useful to include relevant clinical findings, travel and vaccination history, as well any relevant lab results that are available. Once samples arrive at the Enterovirus and Enteric Virus Section of the NML, multiple tests are done, including viral isolation in cell culture; typing of poliovirus isolates; screening for potential vaccine-derived polioviruses; and sequencing to confirm the presence of a wild-type, a Sabin-like or a vaccine-derived poliovirus strains. The total turnaround time is 28 days.
An added benefit of AFP surveillance
Reporting and systematic stool testing of AFP cases in Canada can do more than document our polio-free status. Non-polio flaccid paralysis is frequently associated with non-polio enteroviruses (16) , and these viruses can also cause encephalitis, meningitis and encephalomyelitis (17) (18) (19) . For example, enterovirus A71 (EV-A71) has been causing periodic outbreaks of hand, foot and mouth disease in children, especially in Asia (20, 21) . There are non-polio enteroviruses and novel syndromes that may be associated with emerging enteroviruses. Most non-polio enteroviruses affect children disproportionately, and some are potentially fatal.
An outbreak of enterovirus D68 (EV-D68) occurred in Canada and the United States in association with mostly mild respiratory illness in children (22) (23) (24) (25) (26) (27) . It has been suggested that acute flaccid myelitis (an unexplained neurological illness involving limb weakness in children) could be associated with EV-D68, since an increased incidence of these cases observed in the U.S. coincided with the increased detection of EV-D68 in 2014 (28).
These outbreaks underline the need to carry out continued and enhanced laboratory-based and epidemiological surveillance for AFP.
Discussion
The global battle to eradicate the poliovirus is now at a critical point. The risk remains of the introduction of wild poliovirus and OPV-derived poliovirus in Canada and elsewhere from countries where it still is endemic. Due to this ongoing risk, vaccine coverage of the entire population and active surveillance of AFP in children less than 15 years of age continues to be critical.
Three things are essential to the eradication of polio: first, maintaining a high level of immunity in the population; second, ongoing vigilance, reporting and stool testing of all cases of AFP; and, third, accurate laboratory diagnostics to detect importations of poliovirus into Canada.
In addition to the need for better stool testing and reporting of AFP cases, this article identifies a gap in national polio surveillance activities. Currently, non-paralytic poliovirus infections in individuals who have not been recently vaccinated with OPV do not meet the national poliomyelitis case definition (29) . As such, the list of poliovirus infections (Appendix) of which the Public Health Agency of Canada is aware of at this time may be incomplete. A review of provincial and territorial case definitions indicates that non-paralytic poliovirus infections are only notifiable in Ontario at this time (30) . Given the emphasis on identifying and reporting all poliovirus infections, a revision to the national case definition to include such cases may be indicated.
Although many people believe the end of polio is now in sight, it may still take years of hard effort and vigilant surveillance before both wild PV1 and circulating OPV-derived polioviruses can finally be declared eradicated. Once eradication is achieved, there will be huge benefits in that the costs of continued global polio vaccination can eventually be saved and the infrastructure that was developed for polio eradication can then be devoted to addressing other health issues.
Conclusion
The WHO's new vaccine recommendations and acute flaccid paralysis surveillance are both critical to eradicating polio. Canada's ongoing laboratory-and epidemiological-based polio surveillance is important for maintaining polio-free certification at a critical stage in world polio eradication. However, this can only happen with ongoing clinical vigilance for AFP that includes appropriate reporting and testing protocols. With the implementation of universal childhood varicella immunization programs, a decrease in disease incidence and varicella-related hospitalizations has been observed in Canada (6−10) and the United States (11−14) . Decreases in varicella incidence and morbidity have also been observed in Australia and some European countries (e.g., Germany; parts of Italy and Spain) after the implementation of varicella vaccination programs (15−17) . Extensive post-marketing surveillance of varicella vaccine safety over almost two decades has demonstrated an excellent safety profile where the majority of reported events are mild, including fever, rash and injection site reactions, and serious events are rare (18−21) .
Appendix: Identified poliovirus infections in
Assessment of immunization coverage, disease surveillance and vaccine safety data are essential components of comprehensive immunization program evaluation. Our objective is to evaluate the provincial varicella vaccination program through the analysis of aggregate reports of varicella cases throughout the period of program implementation, from 1993 to 2013; and the assessment of adverse events reported following administration of varicella-containing vaccines administered in Ontario between 2010 and 2013.
Methods
In Ontario, reporting of varicella and adverse events following immunization (AEFIs) to the local medical officer of health is mandated by provincial public health legislation. Local public health units (PHUs) investigate reports and enter information according to provincial surveillance guidelines into the integrated Public Health Information System (iPHIS), the electronic reporting system for reportable diseases and AEFIs in Ontario. Varicella is reported as both individual cases and in aggregate numbers in iPHIS. All PHUs are required to report monthly aggregate counts by predefined age groups, as well as individually reporting cases that are laboratory-confirmed, hospitalized or have specified complications, including death (22, 23) . Aggregate cases do not contain individual-level case details; they contain only information on age group, PHU, year and month of reporting. Herpes zoster is not a reportable disease in Ontario.
Aggregate varicella reporting
Our analyses were limited to aggregate cases of varicella reported between January 1993 and December 2013. Individually reported cases of varicella were not included in the study. We extracted aggregate cases Incidence rate ratios (IRRs) were calculated to examine the changes in disease incidence between the two periods (i.e., the incidence rate in the post-program period divided by the incidence rate in the pre-program period). Trends in incidence rate over the entire study period were assessed using Poisson regression.
Adverse events following immunization
On April 28, 2014, we extracted from iPHIS all AEFIs reported following administration of varicella-containing vaccines (monovalent varicella vaccines and MMRV vaccine) between January 1, 2010, and December 31, 2013. Descriptive analyses were limited to "confirmed" AEFIs which are defined as events that follow immunization which cannot be attributed to other causes. A causal relationship with the vaccine does not need to be proven.
Each AEFI report represents one vaccine recipient and one or more adverse events temporally associated with receipt of one or more vaccines. Adverse events were grouped by provincial case definitions. We selected age categories for analysis based on the recommended routine varicella immunization schedule (3). Reporting rates are calculated using net doses distributed within the publicly funded program as the denominator. We defined serious AEFIs using the Public Health Agency of Canada AEFI reporting guidelines which are based on the World Health Organization standard definition (25, 26) . We conducted a key-word search of narrative case notes to identify varicella-or zoster-like rashes. Monovalent varicella and MMRV vaccine AEFIs are presented separately.
We performed statistical analyses using SAS (Statistical Analysis System) version 9.3 and Microsoft Excel 2010; p-values less than 0.05 were considered statistically significant.
Results
Aggregate varicella reporting
Between January 1993 and December 2013, a total of 295,928 aggregate varicella cases were reported in Ontario. Varicella incidence decreased significantly over the study period from 311.4 cases per 100,000 population in 1993 to 22.2 cases per 100,000 population in 2013 (Figure 1 ). , 1993−2013 (n=295,928) Between the pre-and post-program periods, the overall incidence of varicella decreased from 180.5 to 51.0 cases per 100,000 population, for an IRR of 0.28 [95% confidence interval (CI): 0.28−0.29]. There was also a decrease in age-specific incidence which was significant in all age groups. The largest decline was observed in children in the 1-to 4-year-old age group, followed by the 5-to 9-and less than 1-year-old age groups ( Table 1) . In terms of age distribution, the 5-to 9-year-old age group continued to have the highest proportion of total varicella cases (57% in both periods); however, a shift in distribution towards older individuals was noted in the post-program period. Between the two periods, the proportion of cases among the 10-to 14-year-olds increased from 10.8% to 19.8%, while the proportion among the 1-to 4-year-olds decreased from 26.1% to 15.8%. 
Figure 1: Number of aggregate varicella cases and incidence in Ontario
Adverse events following immunization
Monovalent varicella vaccine AEFIs
There were 162 confirmed AEFIs reported following administration of monovalent varicella vaccine and 1,106,143 doses of varicella vaccine distributed between January 1, 2010, and December 31, 2013. The annualized reporting rate was 14.6 per 100,000 doses distributed, and steadily increased from 10.9 per 100,000 doses distributed in 2010 to 19.1 per 100,000 doses distributed in 2013 (Figure 2) . The age range was from 9 months to 70 years (median: 4.5 years); 38.9% of reports occurred in children between 12 and 23 months of age. Overall, 52.5% of AEFI reports were female; however, among adults over 18 years, 92.9% (n=13) were female. Monovalent varicella vaccines were administered alone in 62.3% (n=101) of reports. Rash was the most commonly reported event (37.3%), followed by pain, redness or swelling at the injection site (32.9%) ( Table 2) . Key-word searching of case notes identified eight reports that described varicella-like rashes-all following the first dose of vaccine with a median time to onset of 7.5 days (range: 2 to 17 days). Seven of 
Year
Confirmed AEFIs Reporting rate of confirmed AEFIs these events occurred in children between 12 and 23 months of age and one occurred in an adolescent; none were laboratory-confirmed. There was also one report of laboratory-confirmed herpes zoster infection in a toddler with zoster-like symptoms 6.5 months after the first dose of vaccine. Genotyping confirmed vaccine-strain varicella zoster virus isolated from a skin specimen. 1 Adverse event categories represent groupings of specific types of adverse events and are not mutually exclusive. For category totals, reports with more than one specific event within a category are counted only once. Thus category totals will not be the sum to the total of specific adverse events overall or within a category. 2 Includes only those adverse events where the count was at least one. 3 Each AEFI report may contain one or more specific adverse events which are not mutually exclusive. Percentages will not sum to 100%. The denominator of 162 is the total number of confirmed varicella AEFI reports between 2010 and 2013. The specific type of adverse event was missing for one report in 2011, and thus was excluded from the total confirmed AEFI reports in this specific analysis (n=161). 4 Percent of reports that were serious within each event.
MMRV vaccine AEFIs
There were eight confirmed AEFI reports following MMRV vaccine administered between August 8, 2011, and December 31, 2013. The reporting rate was 8.7 per 100,000 doses distributed. The median age was 5 years (range: 1 to 10 years). MMRV vaccine was administered alone in four of the eight reports. The most common events were injection site reactions (n=4) and allergic reactions (n=2) (including one anaphylaxis); none were serious.
Discussion
This analysis found a significant reduction in varicella disease incidence at a population level and a low AEFI reporting rate following the introduction of the publicly funded varicella vaccine program in Ontario.
Aggregate varicella reporting
Aggregate reporting of varicella was valuable in describing the overall trends in the epidemiology of disease in Ontario, despite data limitations described further below. The significant decrease in varicella incidence over the study period is consistent with findings observed in the U.S. (27, 28) , and suggests that the publicly funded immunization program has had a positive impact on reducing varicella disease incidence in Ontario. This is further demonstrated by comparing the pre-and post-program periods, where the incidence was over three and a half times higher in the pre-program period than in the post-program period. It should also be noted that the pre-program period includes the years when the varicella vaccine was available for private purchase in Canada (1998 Canada ( −2004 which is a conservative measure as it would minimize the magnitude of decrease in disease incidence between the pre-and the post-program periods if a decrease in disease burden occurred as a result of private vaccine availability. Although the trends in varicella-associated health care utilization were out of scope for this analysis, the decrease in disease incidence mirrors the trends in decreasing varicella-associated hospitalizations observed in Canadian provinces, including Ontario (7−9). Furthermore, the declining incidence observed across all age groups, including those not targeted by the publicly funded immunization program (i.e., infants under 1 year of age), suggests a herd effect.
We would expect that a toddler vaccination program would change the age distribution of disease by shifting the burden of disease towards older individuals. In both the pre-and post-program periods, the majority of the varicella cases were observed among the 5-to 9-year-old age group. However, in the post-program period, more cases were reported in the 10-to 14-year-old age group than in the 1-to 4-year-old age group, in contrast to what was observed in the pre-program period. We may continue to see this shift in age distribution in the future as both the vaccinated cohort and the population with naturally-acquired immunity age, and as varicella vaccine coverage of the younger cohort increases. The significant decrease in varicella incidence since the implementation of the two-dose program in 2011 warrants further consideration on future requirements for varicella reporting in Ontario.
Reported adverse events following immunization
AEFIs reported following varicella-containing vaccines administered in Ontario between 2010 and 2013 were consistent with the safety profile of varicella vaccines with no identification of any safety signals. The overall reporting rate of AEFIs following varicella vaccine (14.6 per 100,000 doses distributed) was comparable to reporting rates following other childhood vaccines administered in the second year of life in Ontario (29) ; however, it is lower than the AEFI reporting rates for varicella vaccine from the Canadian Adverse Events Following Immunization Surveillance System (CAEFISS) (74.0 per 100,000 doses distributed) (30) , as well as passive AEFI surveillance systems in the U.S. and Europe (30.0 and 52.7 per 100,000 doses distributed, respectively) (19, 20) . The increase in the number of AEFI reports between 2010 and 2013 was anticipated given the expansion of the varicella immunization program in 2011.
Reported events were mostly mild (e.g., injection site reactions) and, as expected, rash was the most commonly reported event (37.3% of reports) which is consistent with observations from the U.S. and Europe (32.6% and 25.7%, respectively) (19, 20) . Among all rashes, we identified a subset as varicella-like (vesicular) rash through key-word searching, although it is not clear if these were due to wild-type or vaccine strain as none were laboratory-confirmed. In addition, we identified a single report of laboratory-confirmed vaccine-strain herpes zoster, an event which, while rare, has consistently been noted in post-marketing surveillance reports (18−21) . Serious AEFI reports were infrequently reported and were generally related to known, but rare, reactions to varicella vaccine, including cerebellar ataxia, which has been reported following both wild-type varicella infection and after varicella vaccine administration (18) (19) (20) (21) 31) . The reporting rate of cerebellar ataxia following varicella vaccine was low (0.18 per 100,000 doses distributed), and similar to the rates from other post-marketing surveillance systems (18) (19) (20) . No new or previously unknown serious events were reported.
Findings on MMRV vaccine are limited due to the low distribution of MMRV vaccine in the publicly funded program to date. As the use of this vaccine increases, an increase in AEFI reporting is expected and will contribute towards further understanding of the safety profile of this vaccine in Ontario.
Limitations
Some limitations are inherent to many passive surveillance systems, including missing/incomplete data, reporting bias and under-reporting. In addition, the scope of this analysis is limited to only two out of three components of a comprehensive immunization program evaluation.
In terms of aggregate varicella reporting, under-reporting due to failure to report at the parent, physician, and/or PHU level would underestimate the burden of varicella in Ontario; however, the degree of under-reporting is not known. Additionally, because cases reported in aggregate cannot be reconciled with individual-level data (e.g., laboratory results, immunization data), data may include misclassified cases and some duplicate cases reported from more than one source. However, it is difficult to estimate the significance of duplicates and case misclassification without individual-level data.
For AEFI surveillance data, there was limited comparison to baseline rates, limited temporal trend analysis and lack of a population-based immunization registry. In addition, it has been noted elsewhere (29) that Ontario's overall AEFI reporting rate is less than half the national AEFI reporting rate, which is likely related to some degree of under-reporting as well as differences in AEFI reporting requirements in Ontario compared with other jurisdictions. With respect to varicella vaccine, pre-vaccination counselling about expected events following vaccine may also result in under-reporting of mild reactions specifically (i.e., fever, rash, injection site reactions), some of which are reportable as AEFIs in Ontario.
Conclusion
Varicella disease incidence was significantly reduced following the introduction of the publicly funded varicella vaccine program in Ontario and no safety signals were identified. These findings contribute towards varicella immunization program evaluation in Ontario which is essential to ensure the continued success of the program. Surveillance is ongoing to further assess trends in varicella disease and AEFI reporting in the context of the recent change from a one-to a two-dose schedule. Scientists are one step closer to developing a universal flu vaccine to protect against all strains of the virus.
Researchers have known that the head of a viral protein called hemagglutinin changes easily, whereas its stem remains relatively unchanged. However, until now scientists have struggled to achieve an immune response with the stem rather than the ever-changing head. The researchers in the new study were able to formulate a vaccine that created antibodies from the stem. The vaccines showed success among a variety of lab animals…and protected against flu strains like H5N1 avian flu and H1N1 (swine flu). The identification of human broadly neutralizing antibodies (bnAbs) targeting the hemagglutinin (HA) stem revitalized hopes of developing a universal influenza vaccine. Using a rational design and library approach, we engineered stable HA stem antigens ('mini-HAs') based on an H1 subtype sequence. Our most advanced candidate exhibits structural and bnAb binding properties comparable to full-length HA, completely protects mice in lethal heterologous and heterosubtypic challenge models, and reduces fever following sublethal challenge in cynomolgus monkeys. Antibodies elicited by this mini-HA in mice and nonhuman primates … mediate antibody-dependent effector activity. These results provide proof-of-concept for design of HA stem mimics that elicit bnAbs against influenza A group 1 viruses. This year's meeting of the American Association for the Advancement of Science… devoted several sessions to the question of how vaccines can be made… and how the range of disease that can be vaccinated against might be extended… Jeffrey Ulmer (for example) described…Reverse vaccinology, as a child of genomics. It involves sequencing a bug's genetic material, using that knowledge to make lots of proteins that look like part of the target, and then screening these to see which provoke an immune response. Its most successful outcome so far is the creation of a vaccine, recently approved against meningococcus B… Dr. Ulmer also described a technique (that)…uses the body cells of a vaccinated individual to generate specially tailored antigens. RNA is a form of genetic material that a cell's protein-making machinery works with directly… Novartis researchers have exploited this by taking the RNA-replication machinery of a virus, removing the genes that let it make new viruses, and replacing them with RNA than encodes the antigen of interest. In effect, they have created a tiny antigen factory that will operate once it gets absorbed into a cell, vaccinating the individual in question as it does so. Self-amplifying mRNA vaccines are being developed as a platform technology with potential to be used for a broad range of targets. The synthetic production methods for their manufacture, combined with the modern tools of bioinformatics and synthetic biology, enable these vaccines to be produced rapidly from an electronic gene sequence. Preclinical proof of concept has so far been achieved for influenza, respiratory syncytial virus, rabies, Ebola, cytomegalovirus, human immunodeficiency virus and malaria.
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